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We measUl;ed in vitro the hygroscopicity and bound (non-
freezing) water of various samples of pathologic horny 
layer obtained from the lesions of senile xerotic skin and 
psoriasis vulgaris and the normal horny layer from gla-
brous skin and plantar horny layer. The amount of water 
taken up by pathologic stratum corneum was much smaller 
than that by normal horny layer in an environment at a 
high relative humidity (RH). Tightly bound primary water 
to stratum corneum measured by Karl Fischer's method 
was about 5 mg/lOO mg of dry stratum corneum in all the 
samples studied, while less tightly bound secondary water 
T he water content of the stratum corneum plays an important role in providing the skin surface with sup-pleness and smoothness. [n vitro studies w ith excised pieces of stratum corneum showed that they are flex-ible as long as they contain more than 10% water [1J. 
Thus even normal skin surface may crack finely to develop a 
clinical feature of dry skin in the dry ambient atmosphere of cold 
winter. [n contrast , pathologic horny layer which is defective in 
barrier fun ction readi ly loses water to develop a sca ly clinical 
appearance even under normal environmental conditions [2]. 
Despite the importance of water in plasticising stratum cor-
neum, the exact mechanisms by which water brings about such 
an effect are unknown, and information about the mode of the 
binding of water to the polar components of the stratum corneum 
is not suffi cient for full understanding of this process. Using 
differentia l thermal analysis, Eulgin and Vinson [3J showed that 
there are 2 separated bound water fractions, i.e., readily releasable 
water and more tightly bound water, in addition to a free- water 
fra ction whi ch appears only in a highly hydrated state in human 
corneum and neonatal rat corneum. Hansen and Yellin [4J esti-
mated a bound water fraction being equivalent to 0.30-0.35 g of 
dry normal stratum corneum . Walkley [5J also showed that the 
amount of bound water in human limb corneum is about 0.34 g 
per g ram of dry corneum by differential scanning calorimetry 
(DSC). However, there are few studies that have attempted to 
differentiate between molecularly "bound" water and bulk or 
"free" water in pathologic stratum corneum which clinically shows 
a scaly appearance [3J . 
[n the present study we have attempted to measure th e amount 
of bound water of pathologic stratum corneum, i. e., exfoliative 
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was much smaller in amount in pathologic stratum Cor-
neum than in the controls, i.e., 31. 7 mg/100 mg dry scale 
from senile xeros is and 27.2 mg/l 00 mg dry psoriatic scale 
as compared with 38.2 mg/ 100 mg dry normal stratum 
corneum from glabrous skin and 37.3 mg/100 mg dry nor-
mal plantar stratum. corneum. We believe that the low 
hygroscopicity of the pathologic stratum corneum is due 
to this smaller capacity for secondary bound water, which 
is responsible for the development of a dry scaly appearance 
even at high RH. ] 1I711esl Dermatol 87:574-576, 1986 
scales from the lesions of sen ile xerosis and psoriasis vu lgaris by 
means of DSC, in addition to an evaluation of the in vitro hy-
groscopic property compared with that of normal stratum cor-
neum. 
MATERIALS AND METHODS 
Stratum Corneum As a sample of normal horny layer from 
the glabrous skin, a sheet of stratum corneum was prepared from 
scalded skin on the forearm of a youn g male adu lt by trypsin 
digestion. Normal plantar stratum corneum was shaved from the 
sole of health y adu lts. Various samples of sca les were collected 
from a patient with senile xerosis and 2 patients with psorias is 
vulgaris. All the samples were pulverized by mortar and pestle 
and made into uniform disks (thickness 0.8 mm, diameter 13 
mm) by applying 450 kg/cm 2 pressure for 6 min using Evacuable 
KEr Die (Shimazu Co., Kyoto, Japan) to produce similar and 
constant conditions. 
Hygroscopicity Samples were dried over 24 h in a silica gel 
desiccator under reduced pressure. The water content of stratum 
corneum was determined froIll the weight of water absorbed per 
unit dry weight under conditions of various RHs (obtained by 
sa turated salt solution) for 24 h. Our preliminary study showed 
that the hygroscopicity of stratuIll corneUIll was almost the same 
between nontreated origina l samples and reconstructed disks. 
Tightl y bound primary w ater w hich is not lost even at 0% RH 
was measured by Karl Fischer's vaporization method (for 3 min 
at 1600 q (Hiranuma AQ-3 type, Hiranuma Co., [baragi, Japan) 
[6J. The primary water was about 5 mg/lOO mg of dry weight 
in all the samples studied. Therefore, true water content was 
calculated based on this primary water content. 
Bound Water The primary bound water was determined as 
described above. Since molecularly bound water does not freeze, 
we determined secondary bound water by DSC (Perkin-Elmer 
DSC-II) as follows . The stratum corneum samples with various 
water contents were cooled to 238°K and heated at a controlled 
rate (5°K/min) to 278°K. The thermal transitions of the samples 
were registered on a chart recorder. In cases where free water 
was absent, a completely flat trace was obtained. [n this instance 
the water in stratum corneum exists on ly as bound water which 
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consists of primary and secondary bound water. When free water 
was contained to some levels, endothermic pea k (ice-melting) 
became recordable. The magnitude o f th e peak area (pro portion 
to the heat absorbed in the transition) increased in proportion to 
th e mass of the free water content. T he water content at the point 
w here the pea k area beco mes zero shows the maximum amo unt 
of bound water. We calculated the amount of second ary boun d 
wa ter by subtractin g th e amount of primary water from this 
maximum bound water. 
RES ULTS 
Hygroscopicity Figure 1 shows the re lat ionship between rel-
ative humidity and water content in various sa mples. At 0% RH, 
all the sa mp les held about 5 mg primary water per 100 m g of 
dry ones . At low RHs, water content was small, with almost 
negligible difference among samples. The water content gradually 
increased with the RH sho win g a sudden increase beyond 90%. 
T h e di fference between sa mples became remarkable at high RHs. 
The water content in the samples of pathologic stratum corneum 
was mll ch lower than th at of control normal ho rn y layer. 
Estimation of Bound Water Tightly bo und primary water 
that is not lost even at 0% RH was abollt 5.0 mg/ l 00 mg of dry 
co rneums in all sam ples of co rneum. Fig ure 2 shows a series of 
traces obtained from the chart recorder fo r plantar horn y layer 
w ith va rio us water contents. The DSC curve was flat when the 
water content of the stratum corneum was 32.7 mg/l00 mg dry 
corn eum. Wh en water content in creased to 38.2 mg, a small peak 
appeared, w hose area increased w ith water content. T his peak 
area is proportiona l to the heat of fusion of ice. 
F igure 3 shows a plot of the appa rent heat of fusion (peak area) 
and water content in various samples of stratum corneum. As the 
heat of fusion of ice is constant, an approximatel y linear rela-
tion ship was o btained between them . Thus, the water content 
w h ere apparent heat of fusion beca me zero was 38.2 mg and 37.3 
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Figure 1. Relationship between relative humidity and water content in 
norm al and pathologic stratum corncum . Control corncum (circles), plan-
ta r h o rn y laye r (crosses), xcrosis scnilis (rriallgles). psoriasis (ill l/erred rri-
al1g les). 
BOUND WATER OF HUMAN STRATUM COR N EUM 575 
(mg H20/ 100mg dry S.C.) 
E 
'-
<1> 
L: 
-o 
"'C 
c: 
<1> 
63 . 1 
52.7 
48 .2 
42 .2 
38 .2 
32 .7 
240 250 260 270 280 
Temperature CK) 
Figure 2. Representative DSC curves for ca ll us w ith various water con-
tents. 
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Figure 3. Relationship between water content and heat of fusion in var-
ious stratum corneum samples. Control corneum (ci rcles), plantar horn y 
layer (crosses), xerosis scnilis (solid (rial/glcs) , psoriasis (opel/ trial/gles). 
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m g for 100 m g of contro l stratum corneum and no rm al plantar 
ho rn y layer, respectively, whereas it was 31.7 mg/ l 00 mg for 
sca les of senile xerosis , and 27.2 m gl100 mg for psoriatic scale. 
Thus, the m aximum amounts of second ary water of norm al stra-
tum corn eum sa mples were 20-30% grea ter than th ose of patho-
logic ones . 
DISCUSSION 
In the present study we have found decreased hygroscopicity in 
patho logic ho rny layer, i.e., th e am ount of water taken up by it 
is much less than that by norm al stratum corneum ; the feature 
becom es appa rent particularly in an environm ent w ith a high RH. 
These findin gs agree well with th e observatio ns m ade by in vivo 
water sorption-desorption tes t usin g the electrical condu ctance 
measurement; we noted that the skin surface of scaly lesions was 
defective both in h ygroscopic property and in water-holding ca-
pacity (7] . Furthermore, we have confirmed by DSC that such 
functional defi ciencies in pathologic horny layers are largely due 
to its redu cti on in the ca pacity to hold water which is mo lecularly 
bound to the components of th e stratum corneum rather loosely, 
i.e., second ary water. 
In th e present study we ha ve used a reconstructed uniform-
sized disk of pulverized ho rny tissues rather th an original non-
trea ted sa mples, sin ce it provides suitably similar conditions fo r 
comparative m easurem ents . 
Water-soluble substances of the normal stratum corneum, which 
arc generall y referred to as natural m oisturizing factor (NMF) 
collectively, play' an important role in the hygroscopicity of the 
stratum corneum [8]. C hemical analysis of the soluble compo-
nents obta ined from our sa mples also showed that free amino 
acids were greatly decreased in the pathologic specimens (data 
not shown) . Pathologic horny layer is not on ly deficient in the 
soluble NMF components [9], but it is obviously abnormal mor-
phologica ll y, indi cating that the structural components which are 
chieAy composed of proteins and lipids are also different from 
th ose of norm al stratum corneum . Matoltsy et al [10] reported 
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Figure 4. Relative amoun t of bound water and free water in different 
stratum corneum samples. A, Primary water; B, secondary water; C, free 
water. 
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that m olecul ar weight and composition of keratin (polypeptide) 
was different among normal stratum corneum from the leg, callus 
of the sole, and psoriatic scales. Therefore, we cannot attribute 
the above-mentioned functional defects of the pathologic ho rn y 
layer solely to the deficient NMF. Pro teinous components com-
prisin g keratin and m atrix of course take part in the hygroscopic 
property of the stratum corneum, whereas complex lipids are also 
presumed to play an impo rtant role in the m aintenance of the 
water content , the fun ction of which is closely related to the 
water-barrier function of the stratum corneum [2]. 
Figure 4 shows summarized data calculated from the results of 
our measurem ents employing DSC. Since primary water which 
is Ilot lost even at 0% RH is almost the same in amount in all 
the horny tissue samples, such ' primary water tightly bound to 
the polar groups of structural proteins of every stratum corneum 
sample does no t seem to incur any plasti cisin g effect . The thick-
ness of this w ater consists of 1 or 2 molecular layers [11]. 
By contras t, it is secondary water that induces suppleness in 
stratum corn eum when its content exceeds more than 10% . It is 
restricted by a comparatively weak hydrogen bond around pri-
mary water, and shows qui ck hydration or dehydration in stratum 
corneum following chan ges in environmental conditions such as 
temperature, humidity, and wind . Figure 4 clearly indicates that 
the am ount of th e secondary water is mu ch smaller in the patho-
logic horny layer than that of the no rm al ho rny layer. Interest-
in gly , the horny layer of senile xerosis that becom es apparent in 
the cold and dry winter shows only a moderate decrease of sec-
ondary water, located between th at of no rma l horny layer and 
that of the scale from psoriasis vulgaris which is always dry even 
in usual am bient conditions. 
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